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Abstract 
The effect of the coupling state on the power handling capability of a superconducting transmit filters with a stripline (SL) structure 
was investigated by comparing the performances of such a filter with combline configuration with that of one with an interdigital 
configuration. The coupling states between the resonators used with these filters are inherently different. The filters had three-pole
half-wavelength straight-line resonators, a 5.0-GHz center frequency, and a 100-MHz bandwidth. They were fabricated using 
YBa2Cu3O7 thin films on an r-Al2O3 substrate. Measurement of their responses and maximum current densities using 
electromagnetic simulator showed that their power levels were 33.6 and 36.5 dBm, respectively. This indicates that the power 
handling capability depends on the coupling state, and that an interdigital filter has higher power handling capability than a 
combline filter. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of ISS Program Committee. 
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1. Introduction 
High-temperature superconducting (HTS) microwave receive filters have low loss and sharp skirt characteristics, 
making them practical for use in the receiving systems of mobile telecommunication base stations. HTS microstrip 
transmit filters are also potentially suitable for systems that require high power handling capability. Thus, interest in 
HTS transmit filters has been increasing [1-10].  
 The high-power transmit filters that have been reported use various types of resonators, e.g., dual-mode resonators 
[1-3], bulk resonators [4, 5], modified microstrip line (MSL) resonators [6-8], and stripline (SL) resonators [9, 10]. 
Dual-mode and bulk resonators have high power handling capabilities but are too large for use in filters with many 
poles. Modified MSL resonators have a more practical size, but there is strong coupling between them. This limits the 
further miniaturization of the MSL filter without decreasing its power handling capability. 
We previously reported that the weak coupling property of a combline filter with an SL structure enables the 
spacing between resonators to be reduced, making it possible to miniaturize the filter [10]. However, the distribution 
of current in the SL filter is higher than that in a conventional MSL filter. This is because the magnetic coupling 
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between the resonators is stronger due to the much shorter distance between them. This means that the coupling state 
between resonators is an important factor in improving the power handling capability of transmit filters with an SL 
structure.
We designed and fabricated three-pole combline and interdigital filters, which have different coupling state, to 
investigate the effect of the coupling state between resonators on power handling. We found that the interdigital filter 
had smaller magnetic coupling than the combline filter, resulting in better power handling. 
2. Filter design 
2.1. Coupling state 
We designed and analyzed 5-GHz three-pole Chebyshev-type combline and interdigital filters with a stripline 
structure by using 2.5-dimensional high-frequency electromagnetic (EM) analysis software (Sonnet EM), which is 
based on the moment method. The design specifications were a center frequency of 5 GHz, a band width of 80 MHz, 
and a passband ripple of 0.1 dB. The filters configurations are shown in Fig. 1. The filters consisted of three half-
wavelength straight-line resonators. We assumed r-Al2O3 was used for the substrate and that the substrate had a 
dielectric constant of 9.9 and a thickness of 2.0 mm.  
                           (a)                                                     (b)                                                               (c)
Fig. 1 Configurations of (a) combline and (b) interdigital filters. (c) Schematic side view of stripline structure. 
The coupling state of the filter depends on the location of adjacent resonators of the filter. Coupling coefficient k of 
the combline and interdigital filter are given by 
k = kmˉ ke,  (combline filter)   (1) 
k = km +  ke,  (interdigital filter)  (2) 
where km is the magnetic coupling and ke is the electric coupling [11]. With the stripline structure, the distance 
between the resonators of combline filter is much less than that between resonators of a conventional microstrip line 
filter due to its weak coupling property.  This means that the effect of the electric coupling around the open ends of the 
resonators is higher for the combline filter. Thus, as shown by equation (1), the magnetic coupling must be increased 
by reducing the distance between the resonators to obtain the desired coupling coefficient. Since the coupling 
coefficient of the interdigital filter is represented by the sum of the magnetic and electric coupling according to 
equation (2), the magnetic coupling of the interdigital filter is smaller than that of the combline filter. Therefore, the 
coupling state of an interdigital filter with a stripline structure should result in a lower maximum current density. This 
means that power handling capability of an interdigital filte is better than that of combline filter. 
2.2. Simulation  
To investigate the power handling capability of the designed filters, we simulated their frequency responses and 
surface current distributions. We previously reported that the power handling capability of an MSL filter can be 
estimated from the maximum current density along the outer edge of the resonators using an electromagnetic simulator 
(Sonnet EM) based on the moment method [12]. Thus, the filters were designed and analyzed using Sonnet EM 
software [12]. The maximum current densities at the edges of the resonators as a function of frequency were simulated. 
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As we used a zero-thickness lossless model for the superconducting circuit, the simulated sheet current densities are 
amperes per meter. As shown in Figs. 2(a) and 2(b), the maximum current density for the interdigital filter was smaller 
than that for the combline filter at all frequencies. This means that the interdigital filter had better power handling 
capability than the combline filter. This is because the magnetic field between the resonators was weaker due to the 
interdigital coupling. These results indicate that the coupling state between resonators is an important factor in 
designing SL filters with high power handling capability. 
                                                         (a)                                                                                             (b) 
Fig.2 Simulated maximum current densities at edge of resonators as a function of frequency for (a) combline filter and (b) interdigital filter. 
3. Measurement
The stripline structure used for both filters consisted of two stacked substrates, as shown in Fig. 3(a). The bottom 
substrate had the designed filter circuit on its upper side and a ground plane on the lower side, and the top substrate 
had only a ground plane on the upper side. The size of the bottom substrate was 20 u  20 u  1.0 mm and the top one 
was 15 u  20 u  1.0 mm. The top substrate was made a little shorter than the bottom one to enable contact between the 
SMA (SubMiniature version A) connector and stripline. The filters were fabricated using 0.3- P m YBa2Cu3O7 thin 
film deposited on an r-Al2O3 substrate. The ground planes were Au thin film. The filters were patterned using a 
conventional photolithography technique and wet etching. The S-parameters were measured with a network analyzer 
(E5071B, Agilent Technologies).  
Figures 3(b) and 3(c) show the simulated and measured frequency responses of the combline and interdigital filters. 
The shift of the center frequencies from the simulated ones and the greater insertion losses than the simulated ones are 
attributed to the differences between the simulated and effective values of the dielectric constant. Varying the 
dielectric constant of the substrate might eliminate these differences. They may also have been due to over-etching of 
the filter pattern.  
(a)                                                                              (b)                                                                                    (c) 
Fig. 3 (a) Schematic side view of filter. Simulated and measured frequency responses of  (b) combline and (c) interdigital filter. 
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The power handling capability of the filters was examined by the single tone method [14] at a lower frequency, the 
center frequency and a higher frequency in the passband. The effective input power takes into account the filter 
reflection power. We defined the power handling capability of the superconducting filter as the point where the 
linearity of the difference between the input and output power was 0.5 dBm. As shown in Figs. 4(a) and 4(b), the 
power-handling capabilities of the combline and interdigital filters were 33.6 and 36.5 dBm, a difference of 2.9 dB. As 
expected from the simulated maximum current densities for the combline filter, the higher frequency in the pass band 
degraded the power-handling capability. This confirms that the coupling state between resonators is a key factor in the 
design of SL filters with high power handling capability. 
                                                 (a)                                                                                                 (b) 
Fig. 4 Measured power handling capability of (a) combline filter and (b) interdigital filter.  
4. Conclusion 
To investigate the effect of the coupling state between resonators on the power handling capability of high-
temperature superconducting transmit filters, we designed and analyzed three-pole combline and interdigital filters 
with the stripline (SL) structures. Simulation showed that the interdigital filter had better power handling capability 
due to the weaker magnetic field between resonators. Measurement showed that the power handling capability of the 
combline and interdigital filters were 33.6 and 36.5 dBm, respectively, indicating that the coupling state between 
resonators is an important factor in designing filters with an  SL structure and  high power handling capability. 
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